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Objective; Immunologic markers, levels 01 HIV ON A. and infectious HE V were 
compared in pHriial rcsponders (PR) to HAART who had high plasma HIV RNA levels 
but stable or int; reusing levels of CD4* peripheral blood mononuclear cells (PBMC), 
and patients with complete failure (CF) who had veiy low or decreasing levels of CD4* 
PflMC and high plasma I11V RNA levels. 

Design find Methods: CD4 and CDft levels were monitored by flow cytometry, 
microglobulin (I^M) and neoptcrin levels were measured by quantitative enzyme 
immunoassays. Plasma and PBMC fmm I I PR and 1 3 CF were analyzed tor inlectiouK 
HIV levels in limiting dilution cultures. Polymers chain reaction (PCR) assays were 
used to quantify cellular HIV DNA and plasma HIV RNA. 

Results: hi comparison with CF t PR had little or no c:iD4* cell loss, a substantinl 
increase in COM 1 cells, sigmfieanily lower (Hisilivc plasma HIV cultures (p = .03), 
lower frequencies of infectious HIV in total PBMC {p — .005) and in CD4' U PBMC 
(/> < .001). and lower frequencies of HIV DNA in CD4' PBMC (p ™ .007). 

Conclusions: Lower levels of infectious HIV and a lower frequency of CD4* 
PBMC that contain "productive" HTV DNA in PR us compared with CF may contrib- 
ute to the stable or increasing CD4" 1 " PBMC levels of the PR. However. HAART may 
also have effects on lymphocyte homeostasis independent of its antiviral activity, 

Key Wnrds: HAART -Immunologic response — Virologic responso — HlV t 



Highly active anti retroviral therapy (HAART), which 
includes at least one protease inhibitor (PI) with two 
re verse- transcriptase inhibitors (RTF), has significantly 
reduced morbidity and mortality rales in HIV-positive 
patients (1,2). Many patients experience both immuno- 
logic and virologic responses to HAART in terms of 
increased levels of CD4 + peripheral blood mononuclear 
cells (PBMCs) and reduced levels of plasma HIV RNA, 
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respectively (3-5). Between 7% and 15% of HAART 
patients, however, have a seemingly paradoxic response 
to HAART in that their CD4 + PBMC levels increase 
substantially but their levels of plasma HIV RNA remain 
high (6-11). In this report, we classify these patients as 
partial responders (PR) to HAART and contrast them 
with those with complete failure (CF) who have neither 
a significant rise in CP4"*" lymphocytes nor a fall in their 
plasma HTV RNA levels. Plasma HTV RNA levels are a 
strong predictor of progression to AIDS (12,13) and it 
has been suggested that these paradoxic responses are 
transient and may be explained by the rate of disease 
progression before treatment (10). The levels of infec- 
tious 111V and of HIV DNA in these patients with para- 
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doxic responses, however, have not been previously ana- 
lyzed. The following studies were undertaken to inves- 
tigate the factors that may contribute to the dissociation 
of immunologic and virologic responses to HAART. 



METHODS 

Study Subjects 

Flow cytometric quantification of PBMC wus performed as de- 
scribed (14). The all hail Ct>T PHMC counts >I35 cells/u.1 and 
included 7 indivirfual? wirh stable CW PBMC cuunu (<2U cclls/jil) 
and 4 others with increasing CD4* PBMC counts (>50 cetls/uJ) during 
an average follow-up time of 9 ± 3 months. The CF included <» people 
with persistently low CW PBMC eouois (<60 cclis/u,!) und 4 others 
with decreasing CTH~ PHMC counts (>B5 cclls/u.1) during an average 
follow-up lime of S ± 3 months.. HAART consisted uf cornbinu lions of 
Pis including crixivan, nelfinuvir, saquinavir, or ritonavir, and RTls 
iircfitduig zidovudine, lamivudmc. sMvudine, didunosine, nevi rapine, 
iiml dc la virdi ne. 



Plasma Neopterin, G^-Microglobulm, und HIV 
RNA Quantification 

Bnzymc immunoassay* were used to quantify plasma uonccm nil ions 
t.if neoplerin OCN. Costu Mctia. CA. U.S.A.) and (3 2 M (R&D Systems. 
Minneapolis, MN, U.S.A.). Plasma MTV RNA concentrations w«sre de- 
termined using the Amplicor HlV-l Monitor ism (15) (Roche Diag- 
nostic Systems, rirniichhllfg, NJ. U.S.A.) or by bDNA assays (16) 
(Cliirun, IZnieryville, C.A, U.S.A.), 



Quantification of HIV DNA and Infectious HIV 

For 4u;n>li fixation of IIIV DNA, PBMC weie purified from whule 
blood UHing Lymphocyte Separation Medium (ICN). PBMC were then 
lysed in ;i killer containing proteinase K and the DNA quantified wins 
•a Hi icchtf dye:. I y*utes were coumplificd for 30 cycles with mi iiUenuil 
UNA uuunLif'ication .standard m d prototype twsay thar nsi>s Ampliiw 
HIV^I Monitor vl.5 primers SKI45-SKCCIB (17.18). Amplified 
products were quantified in ihUtuwcII plutcs using the Amplicor HIV- J 
Monitor formal. This assay tins been shown to yield highly reproduc- 
ible rcsulrs and HIV DNA levels determined by this method huve been 
shown lo be significantly correlated with plasma HIV RNA levels (IV). 
Infcctinu/i units (IU) of HIV in plasmu or PHMC were quantified by 
limiting dilution cultures ax described (20.21). briclly. fivefold dilu- 
linns nf plasma nr PBMC were Cultured lor 21 days wilh phyioheiniig- 
j«luiinin (mA)-srirnulnted PBMC fioin HIV-serone^uLive blond bank 
donoi* in the presence of T Cell Growth Factor (Cellular Products Inc 

ulot NY» U.S.A.). At the end ot 2 1 days, culture supcmaumtH were- 
analyzed for HIV p24 antigen by enzyme immunoassay (SAIC, Fred- 
crick, MP, U.S.A.), Su permitting were scored as either positive (>25t) 
pg/jnl) or negative for 111 V p24 untigen and the tissue culture infectious 
dose 50% endpoinl (TCID,,,) was calculated a£ previously defined 
(22). The JU per ml nf plasma Or per million total PBMC UUPM) ntVi 
expressed as \ho. reciprocal of the TClO vt . The IUPM CD4* PUMC 



were MU-uUueJ by dividing the reciprocal of the TC1D*, by Hie per- 
centage of the pntioiil's PBMC expressing CD4. 

Statistical Analysis 

levels of PBMC und soluble marker* of immune uclivution arc 
reported as the arithmetic means (X) x suindufd error of I he nieiui 
<SliM). Levels nf HIV RNA, IIIV DNA. and infectious IIIV ure re- 
ported a* geometric means (X) •+ $FM. Statistical comparisons of PR 
and CF were performed using Student's. MamvWIiinicy. Pisher's ex- 
act, or Spearman's lest*. 



RESULTS 

A nfi retroviral drug use and levels of CD4 T PBMC and 
HIV RNA in plasma of one PR are shown in Figure I . 
After initiating HAART, this patient had a dramatic in- 
crease in CD4 + PBMC counts from <20 to >2_S0 
celWfj.1 over a period of 14 months. During Ihis period, 
his CDS* PBMC count decreased from 1007 to 847 cellJ 

Except for one brief period after swildiing Iherapy to 
didanosiiic, nclHnuvir, and delavirdinc, his phisma MIV 
RNA concentrations remained between 54,300 and 
562,200 copies/ml. Alter again switching HAART drugs 
to high doses (1600 mg daily) of saquinavir soft geJ 
capsules, low doses of ritonavir (800 mg daily) plus 80 
mg/day siavudine (genotyping showed no mutation ai 
position 75 of the pol gene), a dramatic decrease oc- 
curred in plasma HIV RNA levels to 1203 copie&/ml and 
an addirional increase in CD4 + PUMC count to 360 cells/ 

In samples taken before this change of therapy when 
plasma HIV RNA levels were 181,300 copies/ml, we 
were unable to culture virus from his plasma and found 
low levels of infectious cell-associated IIIV (16,2 IU per 
million PBMC and IS IU per million 004" PBMC), The 
levels of this patient's HIV DNA at this time were 5.893 
per million total PBMC and 27,40R copies per million 
CD4* PBMC. Given that levels of plasma HIV RNA and 
Cr>4 + PUMC arc usually inversely related, the high lev- 
els oi" HIV RNA and stable or increasing 004" PBMC 
levels in this patient prompted us ro compare itddilional 
PR with complete failures who demonstrated no signifi- 
cant virologic or immunologic responses to HAART. 

In PR (n = II) and CF (n = 13) at the beginning of 
the follow-up period, no significant differences were 
found in the level of CD4 4 (PR = 189 ± 56; CF = 88 
± 34) or CDS ' (PR - 1026 ± 183; CF - 866 ± 178) 
PTJMC. Tabic J shows that the mean CD4"*" PBMC levels 
at the end of the follow-up period were significantly 
higher O < .001) in PR (2.58 cells/mil) than in CF (45 
cells/uJ). The PR showed a significant gain in C04"*" 
PBMC (ACU4 = +69) in contrast to CF who losl an 
average of 43 CI VP PBMC during the follow-up period 
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FIG. 3. Levels of inlectlous HIV 
In plasma from partial responders 
and complete failures. 



Partial responders 



Complete failures 



tions make it difficult to compare IUPM values directly, 
Ihe study demonstrated lhat differences of this magnitude 
(i.e., fivefold to 10-fold) were associated with about a 
twofold increase in the relative risk of AIDS during al- 
most 4 years ol observation. In this study, wc observed a 
differential of 112 CD4 + cells per (69 cell \T1%\ 
increase in PR and 43 cell (96% J decrease in CF) during 
an average of only 8 months of observation. 

A direct cau.sal relationship between increases in 
CD4 + lymphocyte levels in peripheral blood and reduc- 
tion of plasma HIV RNA levels resulting from decreased 
killing of CD4 + cells by HIV as a result of HA ART has 
been suggested (29.30). Evidence of increases in both 
Cl>4 + and CDS' PBMC by HA ART as a result of both 



lymphocyte redistribution from lymph nodes to periph- 
eral blood and lymphocyte proliferation (3 1 ), reports of 
individuals with discordant immunologic and virologic 
responses to HA ART (6-11), and a critical revaluation 
of the viral dynamic models (32) challenge Lhis simple 
model. 

Although the PR in our study were observed for an 
average of 8 months, the observed elevation in CD8 A 
cells is consistent with the possibility lhat their CD4 + 
PUMC levels were influenced at least in pail by pro- 
longed redistribution from lymph nodes to peripheral 
blood. U has been suggested that HAART may cause 
reduced destruction or increased regeneration of both 
CD4* and CD8* lymphocytes (33) but it is not clear 
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FIG. 4. Levels of Infectious HIV 
in peripheral blood mononuclear 
cells from partial responded and 
complete failures. 
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FIG. 1. Plagma HIV RNA, CD** 
periphgrai blood mononuclear 
cells, and antiretroviral drug us- 
age in a partial respondcr. 
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of 8 lo 9 months Q> < .001 ). Levels of CD8 + PBMC were 
also significantly higher in PR ihttn in CF (n < .001). The 
change in CD8' PBMC levels (ACD8) was also signifi- 
cantly dilTercnl between PR and CF, mcrca.sing by an 
average of 274 CDS ' PBMC/itl in PR and decreasing by 
an average of 309 CD5T PJBMC/yi in CF (n < .001) over 
8 to 9 months of follow-up. Plasma markers of immune 



activation, p 2 M; and ncopreriu were measured in PR 
and CF only uL the end of the follow-up period and were 
high in both groups but were not significantly different 
(Table 1). 

Plasma and PBMC were collected at the end of the 
follow-up period and analyzed quantitatively for HTV 
RNA, HIV DNA. or IU of HIV (Table 1). The levels of 



TABLE I. U.vels <>J UMJ and CTOT peripheral bland mnmutudear celh (PHMC) plasma immune a^tkm markers and HIV 
/>«»""' 'renders and complete fal fan* x to highly aariw twitrt'iroviml thfumy (HAART) 



PnnLnl 
res ponders 



c:D4* PBMC count (cclls/jiir 
4CD4 4 " PBMC cnunt (ceWstpXt 
CDS* PBMC count (cells/u.))" 
ACD8 T PBMC count feell.sW 
ft 2 -Mtcjuglobulin (jLLg/ml)" 
N co pterin (ng/nif)' t 

Plasma HIV RNA/copics/ml" <log IQ ± stundard error of the mean (SHM) 

HIV DNA copies/lO f ' PBMC" (lug,,, ± S'HM) 

HIV DNA i;opicB/l(J* CD4* PBMt."' (I 0 g l() * SEM) 

HIV DMA cupics/nil" (log m ) 

Infcelious units HIV/ml plasma" (log l0 x SEM> 

Infectious HXV unils/10* PBMC (lo^ IO x SEM) 

InteliouK HIV units/lO" CD4 PBMC* (log,., ± SEM) 

CI>T Hi/ml" (login) 



in 
258 
+6CP 
1 .300 
+274 
6,8 
13.5 
101,215 
> 4.243 
26,914 
6.*M4 
3 
7 

V42 
10,8 



= II) 
±47 
±23 
± 157 
± 150 
0-4 
x2.4 

(5.0 ±0.1) 
(3.6i().l) 
(1.4 2 0,1) 
(3.8) 

(01x0.3) 
(O.R x 0.2) 
(1.6*0.2) 
(1-0) 





Significance 


Complete Tui lures 


{]> volue) 


[n = 1J) 




45 J: 17 


<.00l 


-43 ± \9 


<.noi 


556 ±91 


<.00t 


-309 i 116 


<(M)I 


7.2 ±0.1 


NS 


13.9± 1.3 


NX 


192,581(5,3 ±0.1) 


.045 


C. 4:634 (3.7 ±0.2) 


NS 


144,160(5.2 * 0.2) 


.007 


n\487 (3.K) 


NS 


16(1.2x0,3) 


NS 


70(1.8*0.3) 


.005 


> 2J65*(3.3 x0-3) 


<00l 


" 97.4 (2,0) 


<.00l 



" A( end of follow- up, 

* Chnnges during follow-up. 

NS, noi significant <j> > -OS). PBMC. ^-microglobulin, ;,ml nroptcrin level., ttc reported by arithmclic nkrtms - SiiM HIV lcvrlc 
markers. HIV RNA, pr 0 v ir al HIV DNA, and infectious uiuls of HIV were quantified uk described in Method*. 
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plasma TTIV RNA were only slightly lower (0.3 log, n ) in 
PR as compared to CV (p ~ .045). Both groups also 
showed substantial levels of Til V UNA in their PBMC 
but ihc mean levels were not significantly different. Be- 
cause the CF had much lower levels of Ci>T PBMC than 
PR the levels of HIV DNA per million CD4 + PBMC 
were significantly higher (p - .007) in the CF than in the 
PR (Fig. 2), The PR and CF both had high plasma HIV 
RNA levels hut only a very small fraction of this HIV 
RNA represented HIV particles that were capahlc of rep- 
licating in tissue culture. Although the mean levels of IIJ 
of HIV in plasma were not significantly different be- 
tween PR (13 lU/ml) and CF (16 IU/ml), HIV could be 
cultured from only 3 (27%) of 11 PR in comparison to 9 
(69%) of 13 CF (p = .03) (Fig, 3), The ratio of IU to 
HIV RNA in plasma was 1:12,036 in CFand 1:33,378 in 
PR. similar to reports in untreated individuals (23,24). 
When results of CF and PR were combined, the HIV 
IU/ml of plasma showed a significant correlation with 
the log l() HIV RNA copy number in plasma (r = 0.625; 
/x.001). 

Figure 4 shows that the PR had significantly lower 
levels than CF of IUPM HIV per million total PBMC 
mononuclear cells (7 versus 70; p = .005). When results 
of CF and PR were combined, the IUPM and TU/10 6 
CTM + PBMC both showed significant correlations with 
the logm HIV RNA copy level in plasma (r = 0.4; /) < 
.05). In that the PR had much higher levels than CF of 
CD4 + PBMC, the mean levels of IUPM CD4" PBMC 
was more than 50-iold lower in PR than CF (42 versus 
2,165;/? < .001). When corrected for CD4 count, the PR 
had about 10- fold fewer fU per ml of blood than CF 
(10,8 versus 97.4, respectively). 



DISCUSSION 

These results demonstrate that, despite a similar num- 
ber of HIV-infected cells per ml, CF have both a higher 
proportion of HIV-infected CD4' cells and a higher pro- 
portion of those that are able to initiate new virus pro- 
duction in vitro. The observed differences between PR 
and CF in total viral RNA and "infectious" RNA per ml 
were consistent with this finding but smaller than might 
be expected, given a 10-fold difference in "productively 
infected" CD4* cells per ml. 

Because PJ are thought to function primarily by ren- 
dering newly produced virus noninfectious (25), this de- 
creased infectivity in PR versus CF may be due to a 
limited virologic response in HAART that was not evi- 
dent in the measurement of viral RNA alone. It has been 
suggested thai PI may act at more than one step in ret- 
roviral replication (2(5) and differential effects of PI unci/ 
or RT1 in PR and CF may also contribute to these dif- 
ferences in infectivity. Faye et al. have reported data 
consistent with our observations and suggest decreased 
viral fitness Ls associated with a gain in CD4 + PBMC in 
patients with discordant CD4 and plasma HIV RNA re- 
sponses to PI therapy (27). 

Although observed differences in infectivity may con- 
tribute to the improved immunologic responses seen in 
PR, the critical question is: arc these differences large 
enough to account for the degree of stability and/or in- 
crease in CD4 counts in the PR group? We observed a 
10-fold difference in IUPM PBMC between PR and CF 
(7 versus 70 IU per million). A recent study has evalu- 
ated the relationship between cell-associated infectious 
HIV- 1 and progression to AIDS or death in untreated 
individuals (28). Although differences in culture condt- 
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FIG. 2. HIV DNA Levels in CD4" 
peripheral blood mononuclear 
cells from partial responders and 
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whether either or both of these mechanisms may be (in- 
curring in PR. 

A recent srudy suggested that the previous rate ol CD4 
depletion and long-term viral load reduction played an 
important role in discord mil immunologic and virologic 
responses in ihe first few months after initiation of 
HAART (10). Levels of infectious HIV and HTV DNA 
and their influence on immunologic and virologic re- 
sponses to HAART were not, however, evnluaced in dial 
study. Although data regarding CD4 + depletion rates he- 
fore initiation of HAART ore not available for our study 
subjects, the dura I ion of the discordant responses for 
more than 1 year in some of the PR make this an unlikely 
explanation for our observations. 

Because peripheral blood represents only ^ 2% ot the 
total lymphocyte pool, even small effects of Pi and/or 
RTI on lymphocyres in lymph nodes may influence our 
observations of PBMC in PR. It has been suggested that 
increases in peripheral blood shortly after the initiation 
of HAART may he primarily the result of lymphocyte 
redistribution from the lymph nodes to peripheral blood 
(31). Other recent studies (34-37) show that HAART 
reverses some of the immunoactivaliou tfiui is associated 
with HIV infection and that this may be independent of 
its antiviral activity (36). This possibility offers an ap- 
pealing explanation for the findings reported here, 
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